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Role%of%IOC*UNESCO%(hereafter%“IOC”)%in%CGMS
• Coordination%is%pursued%from%an%end*to*end%perspective%between%

meteorological%satellite%operators%and%user%communities%such%as%WMO%
and%IOC*UNESCO%(https://www.cgms*info.org/index_.php/cgms/index) to%improve%NWP%
accuracy%and%reliability

• Since%2011%(CGMS*39),%IOC%presented%annual%guidance%on%Essential%
Ocean%Variables%(i)%sea%surface%temperature,%(ii)%ocean%surface%vector%
wind,%(iii)%sea%surface%topography,%(iv)%ocean%biology,%(v)%sea%surface%
salinity,%(vi)%sea%ice,%and%(vii)%sea%surface%waves
! Ocean%measurements%were%recorded%with%polar*orbiting%satellites
! Advised%on%importance%of%ocean%measurements%for%improvement%of%skill%in%

NWP

Preparation%of%CGMS*46%IOC*WP*01
• CGMS%SEC%requested%co*authors%from%CGMS%Members%(5%&%18%Sep%2017)
• Writing%Team%exchanged%information%by%email

https://www.cgms-info.org/index_.php/cgms/index
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SST#and#Weather#(2)
Seasonal+Cycle+of+MSG+SEVIRI+Diurnal+SST+Amplitude

• Dataset:+Hourly+reprocessed+OSI+SAF+SST+in+space+view+(3+km+at+nadir)
• Time+Interval:+2004+– 2012+and+LST+=+local+solar+time
• !SSTtime =+SSTtime – SSTref
• SSTref =+<SSTtime>+and+time+is+0300+Q 0500+LST+
• !SSTmax =+Max+!SSTtime during+1200+Q 1600+LST
• Amplitude+(=+!SSTmax)+varies+with+++++++|U|
• Daily+amplitudes+reached+3Q4+°C
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with approximately constant mean local solar time for the equatorial
overpass. A single wide swath SSO gives potentially full coverage of
the earth's surface about once a day— exact frequency of acquisition de-
pends on swath and latitude with greater overlap in acquisitions occur-
ring at higher latitude. A typical coverage for SSO-based sensors is
shown in Fig. 4, based on the MODIS-Terra and MODIS-Aqua sensors.
The actual frequency of usable ocean colour data is reduced because of
clouds, low quality data and/or sunglint. Sunglint is most critical in the
tropics but might be reduced by along-track tilting of the sensor, as im-
plemented for SeaWiFS, or by atmospheric correction algorithms spe-
cially adapted for low signal:noise conditions. For marine applications,
viewing zenith angle for SSO is generally limited by design to optimise
viewing conditions.

2.2. Geostationary orbit (GEO)

The angular speed of satellites in geostationary orbit is equal to the
angular speed of the earth's rotation thus giving an effectively constant
position above a location on the equator. This orbit, at the much higher
altitude of 35,786 km, has long been used for telecommunications
because it provides continuous coverage of locations within the area
covered. However, in contrast to SSO, the maximal acquisition area of
a single GEO is limited to part of the hemisphere centred on the equato-
rial sub-satellite point— in theory more than 40% of the earth's surface
is visible from a single GEO, for which the satellite visibility at the sub-
satellite point longitude extends up to 81° latitude (Robinson, 2004)
for horizon viewing. In practice remote sensing at such high zenith an-
gles is too difficult to achieve and, supposing that quantitative

measurements are restricted to less than 60° zenith angle then good
coverage of the earth's surface up to about 50° latitude is achieved
with 5 GEO sensors— see Fig. 5. The limitation for high latitudes is crit-
ical and, as discussed later, a key challenge for the exploitation of GEO
ocean colour is to develop better sensors and atmospheric correction al-
gorithms that will push this limit as far as possible. Some early results
for sensor zenith angles between 56° and 64° (Neukermans et al.,
2012) have already shown that the “limit” of 60° zenith angle can be
exceeded if the marine signal is strong enough.

Since the beginning of theGeostationary Operational Environmental
Satellite (GOES) and the METEOrological SATellite (METEOSAT) series
of satellites in the mid-1970s, the meteorological community has
longstanding experience in the design and exploitation of geostationary
sensors for the high frequency sampling of rapid processes such as
the movement of clouds. The oceanographic community is begin-
ning to recognise the important advantages offered by the geosta-
tionary orbit, firstly for sea surface temperature applications
(Robinson, 2004) and more recently for ocean colour applications.
These ocean colour applications present significant challenges be-
cause of the relative weakness of the marine reflectance signal as
compared to the atmospheric reflectance, which must be accurately
removed.

2.3. Geosynchronous orbit

The geostationary orbit is a special case of a circular geosynchronous
orbit above the earth's equator. The more general class of geosynchro-
nous orbits have an orbital period equal to the earth's rotation period,

Fig. 1.Comparison of turbidity data derived from SEVIRI andMODIS-AQUA on15th April 2008 using the processing ofNeukermans (2012): (top-left) daily average from34 SEVIRI images,
(top-right) single MODIS-AQUA acquisition at 12:45 UTC. Corresponding time series of in situ and remotely sensed turbidity at (bottom left) the mouth of the Thames river (51.5235°N,
1.0240°E) and (bottom right) further offshore (51.9802°N, 2.0828°E). In the time series, SEVIRI data is given as grey dots, in situ optical data is given as blue or green dots according to
location, and MODIS data is given as a single magenta dot for each location.) Full details of processing, including definition of the uncertainty bars for SEVIRI and in situ data, are given
in Neukermans (2012) and Neukermans et al. (2012).
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ring at higher latitude. A typical coverage for SSO-based sensors is
shown in Fig. 4, based on the MODIS-Terra and MODIS-Aqua sensors.
The actual frequency of usable ocean colour data is reduced because of
clouds, low quality data and/or sunglint. Sunglint is most critical in the
tropics but might be reduced by along-track tilting of the sensor, as im-
plemented for SeaWiFS, or by atmospheric correction algorithms spe-
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2.2. Geostationary orbit (GEO)

The angular speed of satellites in geostationary orbit is equal to the
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because it provides continuous coverage of locations within the area
covered. However, in contrast to SSO, the maximal acquisition area of
a single GEO is limited to part of the hemisphere centred on the equato-
rial sub-satellite point— in theory more than 40% of the earth's surface
is visible from a single GEO, for which the satellite visibility at the sub-
satellite point longitude extends up to 81° latitude (Robinson, 2004)
for horizon viewing. In practice remote sensing at such high zenith an-
gles is too difficult to achieve and, supposing that quantitative

measurements are restricted to less than 60° zenith angle then good
coverage of the earth's surface up to about 50° latitude is achieved
with 5 GEO sensors— see Fig. 5. The limitation for high latitudes is crit-
ical and, as discussed later, a key challenge for the exploitation of GEO
ocean colour is to develop better sensors and atmospheric correction al-
gorithms that will push this limit as far as possible. Some early results
for sensor zenith angles between 56° and 64° (Neukermans et al.,
2012) have already shown that the “limit” of 60° zenith angle can be
exceeded if the marine signal is strong enough.

Since the beginning of theGeostationary Operational Environmental
Satellite (GOES) and the METEOrological SATellite (METEOSAT) series
of satellites in the mid-1970s, the meteorological community has
longstanding experience in the design and exploitation of geostationary
sensors for the high frequency sampling of rapid processes such as
the movement of clouds. The oceanographic community is begin-
ning to recognise the important advantages offered by the geosta-
tionary orbit, firstly for sea surface temperature applications
(Robinson, 2004) and more recently for ocean colour applications.
These ocean colour applications present significant challenges be-
cause of the relative weakness of the marine reflectance signal as
compared to the atmospheric reflectance, which must be accurately
removed.

2.3. Geosynchronous orbit

The geostationary orbit is a special case of a circular geosynchronous
orbit above the earth's equator. The more general class of geosynchro-
nous orbits have an orbital period equal to the earth's rotation period,

Fig. 1.Comparison of turbidity data derived from SEVIRI andMODIS-AQUA on15th April 2008 using the processing ofNeukermans (2012): (top-left) daily average from34 SEVIRI images,
(top-right) single MODIS-AQUA acquisition at 12:45 UTC. Corresponding time series of in situ and remotely sensed turbidity at (bottom left) the mouth of the Thames river (51.5235°N,
1.0240°E) and (bottom right) further offshore (51.9802°N, 2.0828°E). In the time series, SEVIRI data is given as grey dots, in situ optical data is given as blue or green dots according to
location, and MODIS data is given as a single magenta dot for each location.) Full details of processing, including definition of the uncertainty bars for SEVIRI and in situ data, are given
in Neukermans (2012) and Neukermans et al. (2012).

65K. Ruddick et al. / Remote Sensing of Environment 146 (2014) 63–76

Average*of*34*MSG*SEVIRI*
images*on*15*Apr*2008

Aqua*MODIS*data*at*
12:45UTC*15*Apr*2008

6+++++++++8++++++++10++++++12++++++++14++++++16+++++++18++++++20+++++UTC++++6+++++++++8+++++++10+++++++12+++++++14+++++++16++ 18++++++20++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

20

15

10

5

0

Tu
rb
id
ity
,+F
N
U

10

5

0

Tu
rb
id
ity
,+F
N
U

2°W+++++0° 2°E+++++4°E+++++6°E++++8°E 2°W+++++0° 2°E+++++4°E+++++6°E++++8°E

100

10

1
FNU

Ruddick*et*al.*(2014)



IOC$UNESCO,*CGMS$46,*8*June*2018

Coordination)Group)for)Meteorological)Satellites)5 CGMS

6/17/13 8:19 PMIntergovernmental Oceanographic Commission

Page 2 of 3http://ioc-unesco.org/

Marine Assessments
Other IOC Programmes
IOC Programme Newsletters

UN Ocean Community

UN World Ocean Assessment
UN Law of Sea
UN Oceans
UN Atlas Oceans
IOI, International Ocean Inst.

 Intergovernmental Oceanographic Commission (IOC) of UNESCO is the United
Nations body for ocean science, ocean observatories, ocean data and information
exchange, and ocean services such as Tsunami warning systems. Its mission is to
promote international cooperation and to coordinate programmes in research, services
and capacity building to learn more about the nature and resources of the oceans and
coastal areas, and to apply this knowledge to improved management, sustainable
development and protection of the marine environment and the decision making
processes of States.

Read more...

IOC Upcoming Events
Meeting of the Regional Subsidiary Bodies of IOC
24 June 2013
Paris, France

46th Session of the IOC Executive Council
25 June 2013
Paris, France

27th Session of the IOC Assembly
26 June - 5 July 2013
Paris, France

IOCINDIO Regional Committee Member States meeting
26 June 2013
Paris, France

First session of the Intergovernmental Board on Climate Services
1 - 5 July 2013

2nd Workshop of the Global Ocean Acidification Observing Network
24 - 26 July 2013

Coordination)Group)for)Meteorological)Satellites)5 CGMS

Harmful(Algal(Bloom((HAB)(and(Health(Security (2)1-s2.0-S156898831830026X-gr12_lrg.jpg (JPEG Image, 3167 × 2... https://ars.els-cdn.com/content/image/1-s2.0-S156898831830026X...

1 of 1 4/1/18, 11:48 AM

0930(LT(((((((((((((((1030(LT((((((((((((((((1130(LT((((((((((((((((1230(LT

1330(LT(((((((((((((((1430(LT((((((((((((((((1530(LT((((((((((((((((1630(LT

39°N

38

37

36

35
39°N

38

37

36

35129°E(((((((131E((((129°E((((((131°E(((129°E((((((131E(((((129°E(((((131°E

COMS(GOCI(chlorophyll2a
concentration(of(

Cochlodinium
(Margalefidinium)(
polykrikoides (>(30(mg(m23)

major(HAB(in(Korean(seas

Daily(vertical(migration(of(

Cochlodinium5
polykrikoides,(begins(at(~(
0800(LT(when(it(floats(to(

the(surface,(peaks(at(1600,(

and(then(decreases.(

Noh(et(al.((2018)

13(Aug(2013



IOC$UNESCO,*CGMS$46,*8*June*2018

Coordination)Group)for)Meteorological)Satellites)5 CGMS

6/17/13 8:19 PMIntergovernmental Oceanographic Commission

Page 2 of 3http://ioc-unesco.org/

Marine Assessments
Other IOC Programmes
IOC Programme Newsletters

UN Ocean Community

UN World Ocean Assessment
UN Law of Sea
UN Oceans
UN Atlas Oceans
IOI, International Ocean Inst.

 Intergovernmental Oceanographic Commission (IOC) of UNESCO is the United
Nations body for ocean science, ocean observatories, ocean data and information
exchange, and ocean services such as Tsunami warning systems. Its mission is to
promote international cooperation and to coordinate programmes in research, services
and capacity building to learn more about the nature and resources of the oceans and
coastal areas, and to apply this knowledge to improved management, sustainable
development and protection of the marine environment and the decision making
processes of States.

Read more...

IOC Upcoming Events
Meeting of the Regional Subsidiary Bodies of IOC
24 June 2013
Paris, France

46th Session of the IOC Executive Council
25 June 2013
Paris, France

27th Session of the IOC Assembly
26 June - 5 July 2013
Paris, France

IOCINDIO Regional Committee Member States meeting
26 June 2013
Paris, France

First session of the Intergovernmental Board on Climate Services
1 - 5 July 2013

2nd Workshop of the Global Ocean Acidification Observing Network
24 - 26 July 2013

1134 Journal of Marine Science and Technology, Vol. 24, No. 6 (2016 ) 

 

20
11

-12
-01

20
11

-12
-11

20
11

-12
-21

20
11

-12
-31

20
12

-01
-10

20
12

-01
-20

20
12

-01
-30

20
12

-02
-09

20
12

-02
-19

20
12

-02
-29

20
12

-03
-10

0
2000
4000
6000
8000

10000
12000
14000
16000
18000
20000  Liaodong Bay

 Seohan Bay

Se
a i

ce
 ar

ea
 (k

m
2 )

Date
(a)

20
11

-12
-01

20
11

-12
-11

20
11

-12
-21

20
11

-12
-31

20
12

-01
-10

20
12

-01
-20

20
12

-01
-30

20
12

-02
-09

20
12

-02
-19

20
12

-02
-29

20
12

-03
-10

Date

0
2000
4000
6000
8000

10000
12000
14000
16000
18000
20000

Se
a i

ce
 ar

ea
 (k

m
2 )

Liaodong Bay
Seohan Bay

(b)  
Fig. 7. Temporal changes of daily sea ice area (a) extracted from the 

GOCI images by the proposed spatial filtering method and 
from the MODIS sea ice product (b) in Liaodong and Seohan 
Bays during the ice period in the 2011-2012 winter. 

 
 

Bohai Sea in January and February between 2002 and 2010 
was larger than 10,000 km2 (Shi and Wang, 2012b), the SIA 
in the MODIS product was very underestimated.  Further, the 
temporal profile of SIA did not follow the typical bell-shaped 
seasonal pattern during the ice period, as seen in Fig. 7(a). 

These erroneous SIA in the MODIS sea ice product could 
be explained by the difficulty to distinguish between sea ice 
and cloud.  Fig. 8 compares the MODIS sea ice product with 
the SIA distribution extracted from GOCI in this study.  While 
sea ice areas (Fig. 8(a)) were well detected from the GOCI 
images, they were mostly misclassified into cloud in MODIS 
product in this very clear day of February 4, 2012 (Fig. 8(b)).  
Sea ice coverages in Figs. 8(c) and 8(d) were obtained from 
GOCI and MODIS Aqua images on February 20, 2012.  Again, 
most sea ice coverages were incorrectly detected as cloud in 
the MODIS product.  In addition, Figs. 8(c) and 8(d) show the 
advantage of high temporal of GOCI to increase the chance of 
obtaining cloud-free images.  The GOCI images were acquired 
at 10:00 in the morning under completely clear sky while the 
MODIS Aqua image was acquired at 14:00 and contaminated 
by large cloud coverage over Seohan Bay. 

The MODIS sea ice detection method used multiple thresh-
olds on band reflectance and NDSI (Hall et al., 1995) and did 
not have own cloud masking algorithm.  Instead, MODIS cloud 
mask product (MYD35) was used to separate sea ice from cloud.  
MODIS cloud mask algorithm would be the most comprehen-
sive since it used all the spectral characteristics of cloud in  

(a) (b)

(c) (d)  
Fig. 8. Comparison of sea ice detection from GOCI images by the pro-

posed filtering method (a, c) and from MODIS sea ice product (b, 
d).  Both GOCI and MODIS Aqua images were obtained in clear 
sky condition.  (a) and (b) were on February 4 while (c) and (d) 
were obtained on February 20, 2012. 

 
 

visible, NIR, shortwave infrared and thermal infrared bands 
(Ackerman et al., 1998).  Although MODIS cloud mask algo-
rithm was known to be highly accurate, it showed high confu-
sion errors with sea ice in this region.  MODIS sea ice and cloud 
mask algorithms were developed for global scale products and, 
therefore, might not reflect the local properties of sea ice in 
this region. 

V. CONCLUSION 
Sea ice monitoring in visible and NIR wavelength images 

is only applicable in cloud free regions.  The Bohai and Yellow 
Seas are the lowest latitude area for seasonal sea ice forma-
tion in the world.  Freezing air temperatures and strong wind 
from Siberian high pressure induce sea ice formation in the 
region from December to March.  Sea ice in this region has 
caused several problems to sea transportation and harbor and 
offshore structures.  This study demonstrated the potential of 
the unique GOCI geostationary satellite imagery for monitor-
ing sea ice in this highly demanding and environmentally im- 
portant sea area.  GOCI provided relatively cloud-free daily 
images over sea ice for 91 days and 65 days during the 106 
days and 80 days of the ice period in the 2011-2012 winter in 
Liaodong and Seohan Bays, respectively.  GOCI even provided 
all eight hourly images with clear condition for 40 days in 
Liaodong Bay and for 31 days in Seohan Bay.  GOCI is per-
haps the first satellite imagery capable of tracking sea ice drift 
on an hourly basis. 

We proposed a simple method to detect and extract SIA, uti- 
lizing the distinct spatial variation between sea ice and open 
water.  Standard deviation filtering was very effective in deline- 
ating SIA from open water.  In this study, we used Rayleigh 
corrected reflectance images.  The atmospheric correction level 
did not affect the SIA detection results.  Since the proposed 
method is based on the spatial variability between water and 
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ing sea ice in this highly demanding and environmentally im- 
portant sea area.  GOCI provided relatively cloud-free daily 
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Surface(Current((1)
Feature*Tracking*Methods

• Maximum*cross*
correlation

• Zero;mean*sum*
of*absolute*dist.

• Zero;mean*sum*
of*squared*dist.

Himawari;8*Advanced*Himawari*Imager*brightness*temperatures*on*19*Sep*
2016*at*13:40*UTC.**Surface*current*vectors*(ZSSD)*of*Kuroshio*Current*
during*10:40*and*13:40*UTC*(3-h(time(interval)*on*19*Sep*2016.**

Speed (m s-1) Direction (˚)
Total number

RMS Bias RMS Bias
ZSAD 0.16 6.0×10-2 6.7 1.2 77
ZSSD 0.15 4.0×10-2 5.4 1.5 69
MCC 0.15 -4.7×10-2 6.1 1.8 75

Comparison*with*satellite;tracked*surface*drifter*measurements*in*April*2016.

Kim*et*al.*(2016)
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each pixel was objectively determined by Pearson’s correlation coefficient table with
95% significance level. Emery et al. (1986) assumed the same autocorrelation length
scale in one image; however, this study adopted a dynamic threshold that adapted to
the oceanic features within the window in the image. Statistically-insignificant vectors
with high p-values (>0.05) were eliminated.

3. Results

3.1. Eddy current field using dynamic thresholds

Figure 2 shows an example of the current derivation of the two mesoscale eddies using
GOCI chl-a images at 10:30 and 12:30 (local time) on 31 March 2011. Relatively high cut-
off thresholds (ρ > 0.7) were found along the periphery and outside of the eddy, which
was in contrast to the inside of the eddy with relatively low values (ρ < 0.5) (Figure 2(a)).
After consideration of the spatial scales and degree of freedom and distribution of the
dynamic thresholds, ρ value at each pixel exhibited a distinct spatial structure as shown
in Figure 2(b). Inside of the eddy, the critical values were almost uniform at about 0.2 or
less. Applying this, dynamic threshold produced different surface current vectors in the
eddy interior compared to the case of applying a fixed cut-off coefficient of 0.4
suggested by Emery et al. (1986) (Figure 2(c)). This was further supported by the
estimated current vectors and is shown in Figure 2(f). This analysis clearly revealed the
spatially complicated structure, even inside the eddy, through the use of a dynamic
threshold (Figure 2(e)). In addition to anticlockwise rotary motions inside the eddy, the
spatial structure of the swirling current was presented in detail with high velocity
(~0.6 m s–1) near the eddy boundary whilst being much lower about 0.2 m s–1 for a
radial distance ratio (r/R) of less than 0.3 in the eddy interior (Figure 2(f)), where r is the
distance of each position from the centre and R is the directional radius of the ellipse
considering its tilting angle.

Figure 2. (a) An example of correlation coefficients (CC) between two consecutive chlorophyll-a
concentration images (10:30 and 12:30 local time) around an eddy on 31 March 2011. (b) Spatial
distribution of dynamic correlation coefficients as a critical threshold (CT), corresponding to each
pixel. (c) The current vectors re-estimated by applying the different dynamic threshold every pixel.
(d)–(f) The results of the estimated current vectors around another eddy on the same date.
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• Low-chlorophyll+a eddies-at-two-
locations-measured-by-COMS-GOCI-
at-1030-LT-and-1230-LT-(28hour(
time(interval)-on-31-March-2011.

• Surface-current-vector-computed-
with-normalized-maximum-cross+
correlation-method-of-successive-
chlorophyll+a images.

• Remarkable-analysis-of-high-spatial-
structure-and-complexity-of-eddy-
currents,-with-0.6-m-s+1 at-outer-
boundary-and-0.2-m-s+1 at-inner-
boundary.--
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Recommendations,to,be,considered,by,CGMS
• Establish*a*5,min*temporal*interval*for*measurements*of*EOVs*from*
geostationary,orbiting*satellites*in*response*to*a*user*survey*
(Kwiatkowska*et*al.,*2016)*and*to*yield*a*statistically*robust*1,hour*
average*for*multiple*applications

• Develop*constellation*of*geostationary,orbiting*satellites*recording*EOVs*
continuously*along*the*equator*with*sufficient*spatial*overlap*of*field*of*
view*to*conduct*intercomparison*tests
! Establish*a*CEOS,CGMS*working*group*for*coordination*of*best*practices
! Discover*efficient,*effective*methods*to*integrate*EOV*measurements*from*
different*geostationary,orbiting*satellites*and*from*polar,orbiting*satellites

Summary
• Geostationary,orbiting*satellite*measurements*of*EOVs*will*advance*
understanding*of*ocean,atmosphere*interactions*and*improve*
predictability*of*oceanic*processes*
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